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CHAPTER  I 


INTRODUCTION 


The  tern  “nondestructive  testing”  is  a  general  name  giver,  to  all’ 
test  methods  which  permit  testing  or  inspection  of  material  without 
impairing  its  future  usefulness.  From  an  industrial  viewpoint,  the 
purpose-  of  nondestructive  testing  is  to  determine  whether  a  material  or 
part  will  satisfactorily  perform  its  intended  function. 

It  must  be  realized  that  the  desired  properties  or  qualities  must 
be  built  into  a  product;  they  cannot  be  inspected  into  it.  The  primary 
purpose  of  a  nondestructive  inspection  is  to  determine  the  existing 
state  or  quality  of  a  material,  with  a  view  to  acceptance  or  rejection. 

3y  use  of  nondestructive  testing  methods  and  techniques  it  has  been 
possible  to  decrease  the  factor  of  ignorance  about  material  without 
decreasing  the  factor  of  safety  in  the  .finished  product.  Absolute, 
perfect,  and  sound  industrial  material  does  not  exist.  Any  correctly 
applied  nondestructive  test  can  tell  only  whether  the  relative  soundness 
of  a  specimen  lies  within  specified  tolerances.  The  use  of  nondestruc¬ 
tive  testing  has  been  and  is  being  more  fully  recognized  by  management  as 
a  means  of  meeting  consumer  demands  for  better  products,  reduced  cost, 
and  increased  production. 

In  radiography  X-ray  and  Gamma  radiation  the  so-called  “penetrating 
radiation”  is  used.  Variation  in  thickness  and  density  modify  the 
passage  of  radiation  through  the  test  specimen.  This  variation  in  the 
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intensity  of  the  transmitted  radiation  can  be  detected  in  a  variety  of 
ways,  by  use  of  film,  semiconductors,  photoconductors,  and  scintillation 
crystals. 

Since  the  discovery  of  X-rays,  radiographic  examinations  and  tests 
have  been  used  primarily  for  medical  and  industrial  applications.  One- 
industrial  application  is  the  inspection  of  castings  and  welds.  Ihitil 
a  few  years  ago,  X-ray  technology  advanced  very  slowly,  especially  as- 
related  to  quality  control;  however,  when  the  space  age  came  into  being, 
the  need  arose  for  new  inspection  techniques,  and  the  uss  of  radiogra¬ 
phic  inspection  spread  to  this  new  field.  Gradually,  this  inspection 
technique  moved  into  the  area  of  electronics.  Resistors,  capacitors, 
diodes,  and  transistors  were  being  radiographed  with  startling  results, 
and  this  encouraged  even  wider  use  of  radiographic  inspection,  especi¬ 
ally  in  critical  space  applications. 

During  the  last  century,  the  development  of  small  arms  has  under 
gone  a  very  drastic  change,  from  muzzle  loaders  to  fully  automatic 
rifles  and  machine  guns.  In  recent  years  small  arms  for  field  troops 
have  gone  from  fire  power  of  a  100  to  200  rounds  per  minute  to  over  600 
rounds  per  minute,  but  the.  production  of  ammunition  nas  not  advanced  to 
the  same  degree.  Therefore,  the  United  States  Army  Materiel  Command  has 
implemented  a  program  for  the  modernization  of  small  caliber  ammunition 
production  facilities  (SCAMP). 

SCAMP  provides  for  the  acquisition,  installation,  and  tryout  of  a 
new  generation  of  production  equipment  rather  than  the  replacement  of 

existing  manufacturing  equipment  which  was  designed  over  some  thirty  to 
fifty  years  ago.  The  now  generation  of  production  equipment  is  capable 
of  production  rates  of  12GO  rounds  per  minute,  and  at  this  rate  non- 


destructive  quality  control  has  become  a  very  serious  block  in  the 
production  line. 

This,  report  is  concerned  with  the  feasibility  study  of  an  automated 
X«*ray  inspection  unit.  Chapter  II  is  a  literature  survey  of  X«ray 
gaging  crystals  and  the  use  of  these  crystals  in  automated  systems*  In 
Chapter  III  and  IV  the  proposed  system  and  conclusions  will  be  discussed 
respectively. 
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CHAPTER  II 


REVIEW  0?  THE  LITERATURE 


X-ray  Units 


X-ray  generators  nay  be  classified  as  self-rectified  cr  as  rectified 


X-ray  machines.  The  usual  practice  ih  industrial  radiographic  apparatus 


is  to  connect  the  high  voltage  transformer  directly  to  the  X-ray  tube. 


as  shown  ih  Figure  1*  This  arrangement  is  known  as  the  self-rectified 


circuit  because  the  high  voltage  alternating  current  is  rectified  ih 


the  X-ray  tube.  This  type  of  rectified  system  is  used  in  portable  X-ray 


equipment. 


X-ray  tube  filancn 
transf: 


to  X-ray  tube 
current  rheostat 
in  control 


auto-transferal  in  control 


Figure  1.  Basic  circuit  cf  self-rectified  X-ray  apparatus. 
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A  rectifier  to  change  the  alternating  current  from  the  high  voltage 
transformer  to  direct  current  is  sometimes  used  with  the  net  effect  of 
increasing  the  X-ray  machine  output.  This  gain  is  achieved  because 
loading  of  the  focal  spot  is  more  uniform,  inverse  electron  emission 
from  the  target  is  prevented,  effects  of  charge  reversal  on  tube  walls 
are  eliminated,  and  dielectric  heating  of  transformer  insulation  is 
reduced.  Rectification  is  at  present  usually  obtained  through  the  use 
of  rectifier  valve  tubes*  Four  rectifier  tubes  arc  used  in  the  bridge 
circuit  for  full-wave  rectification,  shown  in  Figure  2. 


X-ray  tube 
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Figure  2,  Basic  circuit  of  rectified  X-ray  apparatus 
The  X-ray  generator  control  equipment  enables  the  operator  to  obtain  & 
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the  intensity,  quantity,  and  duration,  of  X-ray  exposure  desired  and  to 
coordinate  it  with  other- associated  apparatus.  This  purpose  is  accomp¬ 
lished  by  altering  and  controlling  the  voltage  and/or  frequency  of  the 
current’  supply  to  the  high  voltage  and  filament  transformers. 

X-ray  equipment  is  provided  in  a  wide  variety  of  designs  and  ratings 
to  meet,  the  divorse  requirements  of  non-destructive  testing.  The  factors 
affocting.  the.  selection  of  the  apparatus  most  suitable  for  a  particular 
area  of  application  as  stated  in  the  “Nondestructive  Testing  Handbook*' 
by  Robert  -C*  McHaster-(9)  4  lire: 

1,  The  density  and. thickness  of  material  to  be  radiographed. or 
fluoroscopedi 

2>  The  .spbed.  with;  which  inspection  is  to  be  done  and  the  number 
of  radiographs  heeded  per  unit  Of  tine. 

3.  The  configuration  of  material  to  be  irispcctcdi 

4*  The  location  of  work,  i.e.,  whether  work  can  bo  brought  to  the 
machine  or  whether  the  work  must  be  radiographed  on  the  spot. 

Solid-State  Radiation  Detectors 

Tiie  efficiency  of  X-ray  detectors  is  determined  by  two  factors: 

1.  The  absorption  of  the  incident  radiation;  and  2.  The  conversion  of 
the  absorbed  energy  into  photoelectrons  and  the  resulting  production  of 
optical  or  electrical  signals,  ih  detectors  for  longer  wavelength,  i.e. 
visible  gj c*  ultraviolet  radiation,  absorption  offers  no  specific  problems, 

4 

However,  the  penetrating  power  of  X-rays  is  so  great  that  considerable 
thicluiesses  of  matter  are  necessary  to  obtain  an  appreciable  amount  of 

•The  numbers  ih  parentheses  refer  to  numbers  references  in  the  list 


of  References 


absorption. 

Phbtoconductci-s  which  chow  high  dark  resistance  and  very  high 
amplification  of  the  primary  photocurrenta  are  hexogorial  cadmium  sulfide* 
cadmium  solenido,  and  mercuris  sulfide.  Crystals  of  those  materials  can 
be  synthesized.',  V/ith  such  crystals  a  ratio  of  1  :  10^  between  the  dark 
current  and  the  curront  under  irradiation  can  be  obtained-  with  moderate 
X-ray  intensities  (9). 

Accurate,  staple,  inexpensive  X-  and  gamma  -ray  detection  can  be 

accomplished; with  photoconductivo  cells.  Such  substances  as  cadmium 

«11  -i 

sul^de  .exhibit  conductivity  changes  from -about  10  - '  dha  “cm  i  dark 

to  2lX  10  ohm  .cm  in  a  100  •  r/hr  100  -  key  X-ray  beam.  With  such 

a  dynamic  resistance  change  no  amplification  is  required.  Only  a 

•  • 

battery,  a  •conventional-  meter,  and  a  Cd->  cell  are.  necessary  for  a  - 
complete  unit.  She  X-  and1  gamma  -ray  spectral  response  extends  from 
below  30  kev-to  abdv.6.  2;  noy.  Intensities  from  1  to  millions  of  r/hr  can 
be  measured  conveniently. 

Reliability,  low-impedance  circuitry,;  small  size,  low  power,  consump¬ 
tion,  and  extreme  "rugge daces  make  this  type  of  detection  highly  desirable 
for  portablo  gamma  survey  equipment,  high-intensity  industrial  controls, 
remote  area  monitoring  and  ir.tercavity  medical  applications. 

The  phenomenon  of  photoconductivity  occurs  in  the  variable  energy 
region  between  the  filled  band  and  the  conduction,  band.  Electrons  in 
the  conduction  band,  are  free  carriers.*  In  motion  they  conotit  :te  a 
current  flow  when  a  potential  difference  is  applied.  Electrons  in  the 

upper  levels  are  repeatedly  being  onorgized  by  thermal  agitation  ditto 
the  conduction  band  and  then  trapped  again.  The  intermediate  energy 
bands  between  the  conduction  band  and  the  filled  bond  are  absent  in 


perfect  crystal  and  are  crcatod  in  roal  crystals  by  imperfections  and 
activating  inpurities  in  the  crystal,  lattice.  She  average  energy  of 
.these  states  is  dotorained  by  Fermi  statistics  and  termod  the  Fcrni  level. 
See  Figure  5. 


Upon  absorption  of  a  gamma  photon,  a  shower  cf  electrons  from  tl:o 
deeper  levels  arc  energised  into  the  conduction  band  and  become  free 
carriers.  The  life tine  of  these  free  carriers  is  determined  by  the 
recombination  rate.  Flic  dark  Forni  is  deterained  by  the  steady  state 
thermal  equilibriua  of  the  molecule.  Upon  irradiation,  the  energise.) 
electrons  arc  at  first  rapidly  rotrapped  but  as  tlio  trapping  levels 
"fill”,  raising  the  Formi  level,  more  free  carriers  are  available  to 
raise  the  conductivity  of  the  substance.  (5) 

Among  the  properties  cf  X-rays  listed  earlier  is  their  ability  to 
cause  certain  materials  to  fluoresce.  This  property  is  utilised  ir 
fluoroscopy  ir.  vrhich  tho  X-ray'  energy  is  converted  to  visible  light.  The 
advantages  of  fluoroscopy  arc  that  it 


is  fast  and  economical.  Unfcrtan* 


9 


ately,  fluoroscopy  has  inherent  limitations  which  have  hitherto  confined 
its  application  to  a  fairly  narrow  field. 

In  recent  years,  considerable  attention  has  been  focused  upon  the 
heed  for  brightc  ~  fluoroscopic  screens*  It  has  boon  pointed  out  that 
tao  clarity  of  fluoroscopic  vision  shoals  be  improved  many  tines  and 
that  if  possible  the  need  for  dark  adaptation  before  fluoroscopy  should 
be  eliminated.  A  few  years  ago  work  was  begun  in  at  least  three  labor¬ 
atories  in  the  United  States  to  develop  devices  by  which  fluoroscopic 
screens  nay  be  brightened  or  intensified.  Gc.ltr.an  at  the  Y/cstinghouoc 
Laboratories  undertook  investigations  which  culminate i  in  the  develop— 
rent  of  art  electronic  image  tube  capable  of  intensifying  the  fluoro¬ 
scopic  screen  approximate ly  190  tiros.  Comparatively  little  in  the  ray 

*  • 

of  gain,  (about  100  times)  over  a  conventional  fluoroscopic  screen  is 
heeded  in  order  to  roach  the  quantum  limitation  in  the  information 
content  of  the  X-ray  signal.  Tito  direct  imago  converter  tube  envelope  I 
by  Coltman  employs  a  several-stage  process  to  convert  the  X-ray  signal 
into  a  bright  visual  signal.  (5) 

A  group  in  Mihdhovon,  Holland,  has  developed  the  Philips  Image 
Intonsifier.  The  Philips  Imago  Intonsificr  and- the  Y/cstinghousc  units 
are  commercially  available.  But  the  most  recent  development  is  that  v  2 
the  Marshall  Space  Plight  Center  which  is  called  the  Improved  Ha iiegr..- 
phic  Image  Amplifier  Panel. 

The  1IASA  Image  Amplifier  Panel  is*  a  layered  image  amplifier  for 
radiographic  (X-ray  and  gatoca  ray)  applications  errors  a  number  of 
advantages  over  conventional  layered.  devices  used  for  radiographic  imago 
amplification.  The  new  device  is  of  relatively  simple  construction.  and 


provides  images  of  higher  contrast  sr.d  bettor  rest luticn  over  longer 
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which  is  a  second  iss^c  amplifier  in  cascade  with  the  basic  first— ctayc 
inaco  amplifier.  Contacts  to  the  electrical  power  supply  are  node  at 
layers  3»  S»  and  3*  The  total  weight  of  a  typical  (10  inch  X  10  inch) 
panel  including  battery  power  supply,  is  loss  than  10  pounds. 

The  panol  in  exposed  similarly  to  X— ray  fil.j,  cut  requires  such  los: 
radiation  and  shorter  tine  to  develop  than  the  fil..:,  The  isayc  on  the 
stored  panel  reraise  visible  for  lony  periods  after  X-ray  excitation  is 
cut  off.  This  iaayc  can  be  photocraphed  and  erased  when  desired  in  a 
fraction  of  a  second  leaving  the  panel  ready  for  reuse.  The  isayiny  and 
erasure  cycles  cm  ho  repeated  mny  thousands  of  tines.  Tills  device 


should  find  advantageous  application  in  industrial  and  ncdic. 
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X-2?ay  Tclovioicn  Systcn 

Ilcans  arc  now  available  by  which  rcdioc-cphlc  tecliiaiqucs  car.  be  at 
least  sesiautosated,  a  laryc  quantity  of  radioyraidii c  fi?.s  can  bo  oil  ~ 
ir.ated.  Tills  ccuipncnt  an  X— ray  Television  .haste  r.,  utilises  a  ccnv*.- 


tional  X-ray  ccr.cr.atsr  in  conjunction  with  an  X-ray  sensitive 


f  «.  Um 


tube  to  produce  a  picture  on  a  television  screen.  The  closed-circuit 
tele  vi  sir  a  systcn  is  entirely  electronic  and  dees  not  enploy  er.cryy  tax  - 
formations,  ouch  as  an  inacc  inter.sifior.  The  X-ray  bean  ir  eor.vcric  . 
electrical  icpuices  in  the  vidicon  tube  and  trancsitted  throujh  cable  a  1 
a  conventional  television  nenitor  whcr.o  the  object  under  inspection  c  .... 
be  directly  viewed,  normally  with  ten  to  thirty  tines  say nidi cation. 
Handling  oquipscr.t  say  be  used  in  conjunction  with  the  syctcs  tc  achieve 
notion  in  t.io  X  and  "  axes;  rotational  notion  can  -u.se  be  achieved.  .Then 
autcsatic  loading  devices  arc  used,  the  operation  cf  the  cyste’i  is 
highly  autcr.atod. 
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Present  Industrial  Uses 

Canned  and  packaged  products  can  now  be  inspected  for  height  of  fill 
at  instantaneous  rates  up  to  1200  cans  per  minute.  A  tiny  bean  of  X-ray 
passing  through  the  containers,  as  they  travel  along  on  a  convegor  belt, 
falls  upon  a  cadmium  sulphide  crystal  X-ray  detector.  The  crystal  with 
its  associated  circuits  measures  the  X-ray  transmission  of  the  containers 
to  deternine  if  the  height  of  fill  is  above  or  below  the  pro-selected 
level.  The  containers  filled  above  the  selected  level  are  passed  and  the 
ones  below  are  removed  fres  the  conveyor  belt.  The  inspection  unit  has 
a  definition  of  better  than  1/16“  and  contains  a  self  monitoring  circuit 
that  makes  it  virtua<.iy  unaffected  by  normal  line  voltage  variations.  (5) 

Methods  or  systoms  for  control  of  operation::  such  as  canned  and 
packaged  products  have  been  used  in  industry  for  over  20  years.  But  no 
real  sophistication  has  boon  developed  until  the  late  19?0*s  when  certain 
developments  from  the  acre  space  industry  were  incorporated  into  X-ray 
system. 

In  1971  when  the  Philips  Research  laboratory  in  Hamburg,  Germany, 
needed  a  fast,  reliable  process  tc  identify  defective  balls  of  fission¬ 
able  material  embedded  in  carbon  and  having  a  caret n  shell  (675*000  are 
used  as  fuel  elements  in  a  300  nw  neclear  re actor), engineers  solved  the 
problem  with  the  X-ray  diagnostic  system  shewn  in  figure  5.  It  can 

automatically  check  and  sort  3=0  balls  per  hour  with  a  high  degree  cf 

« 

accuracy.  In  a  hypothetical  test  of  1  million  defective  balls,  only  one 
was  erroneously  passed  as  being  good. 

Inch  carbon  ball,  6  cm  (2,36  inches)  in  diameter,  contains  abcut 
10,000  particles  cf  fissionable  material  ( uranium/ thorium) •  The  parti¬ 
cles  are  about  0.55  (0.014  inches)  in  diameter.  The  balls  have 
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5*121  (0*20  inches)  thick  shells  of  pure  carbon*  which  must  be  absolutely 
free  of  particles  of  fissionable  material  to  ensure  safe  operation  of 
the  reactor.  The  testing  device  takes  less  than  10  seconds  to  determine 
whether  a  fuel  element  is  free  from  faults. 


Figure  5  -  The  installation  for  rapid  fluoroscopy  of 
uranium  balls  includes  1.  an  X-ray  tube, 
2.  an  aluminum  compensation  ring,  3.  a 
mechanism  for  rotating  the  ball,  4.  a 
fluorescent  screen,  5.  a  mirror  for 
re  floe  tin-  the  X-ray  image,-  i .  a  lens, 
and  7.  a  television  camera.  The  ball 
can  also  be  tilted  sc  that  the  entire 
area  can  be  scanned  by  the  television 
camera. 


As  shown  in  figure  3,  a  point  X-ray  source  projects  an  image  of  z'.'.c 

*  * 

ball  on  a  fluorescent  screen.  This  imago,  reflected  by  a  mirror,  is 
scanned  by  a  television  camera.  As  the  ball  is  rotated  by  an  electric 
motor  at  30  rpm,  one  rotation  about  its  vertical  amis  aliens  a  50  none 
to  be  scanned.  Then  the  ball  is  tilted  45°  about  a  horizontal  axis  s.:- 


that  the  rest  of  the  surface  can  be  examined. 


Tho  low  signal  to  noise  ratio  of  the  video  signals  produced  by  the 
television  camera  was  the  fundamental  difficulty  in  this  testing  process. 
(It  should  be  noted,  of  course,  that  a  particle  of  fissionable  material 
embedded  in  the  carbon  shell  is  difficult  to  detect  against  the  back** 
ground  of  the  material  in  the  ball  because  the  contrast  is  very  poor.) 

To  improve  the  signal  to  noise  ratio,  engineers  placod  an  aluminum 
ring  of  appropriate  profile  between  the  X-ray  source  and  the  ball  to 
compensate  for  the  strong  radical  change  in  absorption  in  the  shell,  and 
added  filter  and  correlation  circuits  as  well. 

As  completed,  the* test  installation  fails  to  indicate  only  l.cut  of 
1  million  defective  balls.  Furthermore,  only  one  in  10,000  good  ones  are 
erroneously  indicated  as  defective,  which  is  negligible  from  the  economic 
point  of  view.  Tho  purpose  of  the  installation  is,  after  all,  tc  prevent 
defective  balls  getting  into  the  reactor,  and  this  is  largely  guaranteed 
by  the  installation’s  high  ratio  of  accuracy,  1  :  1,000,000.  (15) 

Philips  Electronic  Instruments  is  at  present  one  of  tho  leading 
companies  in  automated  X-ray  inspection  units  in  the  United  States  and 
Europe.  In  the  United  States  they  developed  an  inspection  unit  for 
filled  glass  containers  and  for  large  industrial  fuses.  The  basic  unit 
employs  a  high  quality,  constant  potential  X-ray  unit,  a  fine  grain, 
high  sensitivity  fluoroscopic  screen,  and  a  high  resolution  closed 
circuit  television  chair,  coupled  directly  to  a  video  memory  disc. 


I  ; 


Protection 

One  of  the  most  important  considerations  in  the  X-ray  or  gamma  ray 
laboratory  is  tho  provision  ar.d  exercise  of  adequate  safeguards  for  the 
personnel.  The  Safety  Code  for  the  industrial  use  of  X-ray  proposed  by 
the  American  Standards  Association  should  be  ccmolied  with  fer  now 
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installations,  and  existing  installations  ould  be  checked  to  make 
certain  that  they  neet  the  requirements. 

Any  of  the  body  tissues  nay  be  injured  by  overexposuro  to  X-rays 
or  ganna  rays,  the  blood,  skin,  and  some  internal  organs  being  parti¬ 
cularly  sensitive.  For  this  reason,  persons  who  are  exposed  regularly 
to  small  quantities  of  X-rays  or  gamma  rays  should  have  periodic  blood 
counts  anc  physical  oxaninations,  undor  the  direction  of  a  physician,  to 
note  at  the  earliest  possible  moment  any  effects  which  night  be  attribut¬ 
ed  to  these  exposures. 

Unless  exposure  to  X-rays  or  ganaa  rays  is  kont  at  a  nininun,  the 
cumulative  effect  nay  cause  injury  to  the  body;  therefore,  it  is  essen¬ 
tial  that  workers  in  the  X-ray  department  be  adequately  protected  against 
radiation  at  all  times.  Furtliernors,  protective  measures  should  be  so 
arranged  that  those  in  departments  near  the  places  where  X-rays  or 
radium  are  used  are  also  safe.  Precautions  should  be  particularly 
observed  when  radiography  must  be  done  in  the  shop  rather  than  in  a 
specially  protected  radiographic  department. 

The  voltages  us ad  to  energize  radiographic  tubes  are  highly  danger¬ 
ous,  and  the  best  assurance  of  safety  against  hazard  from  them  is  the.- 
enclosure  of  high  voltage  parts  in  a  shockproof  container.  Most  X-ray 
generators  for  industrial  radiography  arc  of  shcckproof  construction,  bur 
where  the  design  is  such  that  high  voltage  conductors  arc  exposed, 
operators  should  keep  at  a  liberal  distance  from  them  and  should  guard 
against  the  possibility  of  sparkover  to  other  conductors  with  which  airy 
porson  nay  bo  in  contact.  The  most  dangerous  situation  is  to  permit  the 
body  to  for;:  a  part  of  the  high  voltage  circuit,  either  across  the  tube 
leads  or  terminals,  or  between  a  high  potential  lead  and  a  low  potential 
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CHAPTER  III 


AGTOHATED  X-RAX  INSPECT  IOII  CHIT 


There  are  several  net ho do  of  automating  inspection  of  materials 
with  X-rays.  The  siapliest  type  devices  use  photodiode  sensors  in 
conjunction  with  a  fluoroscopic  in age.  These  have  inherent  limitations 
oh  accuracy,  quantity  of  information  and  flexibility  for  multiple'  inspec¬ 
tion  use.  Another  method  uses  a  closed  circuit  television  viewed  system 
with  a  flying  spot  scanning  technique  of  the  television  screen.  The 
information  gained  is  of  low  sensitivity  and  the  amount  of  information 
is  very  limited. 

The  inspection  method  proposed  for  shell  case  inspection  utilises 
the  most  modern  techniques  of  image  storage  and  conpcrisior..  The  basic 
unit  employs  a  high  quality,  constant  potential  X-ray  unit,  ITA3A*s 
improved  radiographic  image  amplifier  panel,  and  a  high  resolution 
closed  circuit  television  chain  coupled  directly  to  a  video  memory  din-. 
Figures  6  and  7  show  automated  X-ray  inspection  units. 

The  disc  can  store  up  to  32  channels  of  information,  13  permanent 
storage  channels  and  15  temporary  channels.  Each  permanent  channel 
stores  a  standard  unit  of  scan  which  matches  a  perfect  inspection  scan, 
When  an  inspection  scan  ic  placed  on  tho  disc,  a  comparison  of  the 
standard  with  the  inspect!;  a  scan  is  carried  out  by  means  of  subtraction. 
Any  information  appearing  at  the  output  indicates  a  difference.  The 


difference  car  then  bo  sent  to  a  gating  element  te  determine  whether  the 
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magnitude  is  sufficiently  large  to  actuate  the  rejection  mechanism. 

Figure  8  chows  an  oxanple  of  signal. 

Tho  shell  coses  must  be  oriented  in  a  unifora  manner  such  that  a 
comparison  of  information  with  the  standard  does  not  have  random  position 
information  superimposed. 


X-ray  Units 

A  standard  MG  150  Beryllium  window  with  20  na  boaa  capability  and 
constant  potential  produced  by  Philip  Electronic  Instruments  is  proposed 
for  use. 

The  X-ray  unit  using  a  water  to  air  heat  exchanger  is  self  contained 
except  for  electrical  power,  "his  tube  is  designed  with  minimum  inherent 
filtration,  and  is  particular*-  suitable  for  radiographic  and  fluoroscopic 
examination  of  low  density  materials,  as  well  as  routine  radiography  in 
thick  sections  of  dense  materials.  Typical  applications  arc  examination 
of  alloys,  plastics,  rubber  compounds,  and  the  irradiation  of  biological 
specimens. 


Shield  Scorn 

A  lead-stcil  laminated  housing  large  enough  to  contain  the  X-ray 
tube  head,  image  amplifier  panel,  television  camera  and  conveying 
system  should  bo  provided.  The  shield  room  shall  meet  all  radiation 
hazard  codes. 

Access  shall  be  by  two  doors,  one  on  the  end  and  the  second  on  the 
side.  Two  reentrant  mazes  are  used  to  assure  safe  movement  of  the  shell 
cases  into  and  cut  cf  the  inspection  region. 

Interlocks  on  the  doors  and  a  warning  light  are  used  to  assure 


cafe  operation  and  hazard  warning. 


Closed  Circuit  Television 

A  NASA  improved  image  amplifier  panel  with  a  10  inch  by  10  inch 
viewing  area  is  proposed.  The  closed  circuit  television  employs  a  high 
quality  vidicon  tube  with  suitable  wide  angle  lens  to  enable  viewing  a 
large  area  with  minimum  distance  requirement  between  the  screen  and  the 
camera* 

The  television  system  uses  a  102S  line,  30  KHZ  camera  and  control 
into  a  high  resolution  monitor.  The  resultant  image  complete  through 
-the  image  amplifier  panel  and  television  chain  can  resolve  better  than  a 
50  mesh  over  the  central  3/4  of  the  image. 

The  video  image  presented  on  the  television  monitor  may  be  selected 
from  the  camera  output,  memory  disc  storage,  or. subtraction  processor 
for  versatility  in  manual  inspection  and  system  monitoring.  The  complete 
inspection  image  is  also  fed  onto  a  video  tape  for  permanent  rccor-l. 

Information  Processing 

The  subtraction  unit  produces  a  difference  signal  resulting  from 
tne  differential  signal  between  a  standard  and  the  inspection  signal. 

The  subtraction  output  is  directed  to  a  gate  circuit  with  counting  logic 
and  amplitude  selection,  When  a  part  is  out  of  place,  a  signal  appears* 
The  amplitude  of  signal  is  measured  and  a  pulse  is  generated  thor.  a 
prosot  level  is  exceeded,  2ach  of  the  scan  lines  produces  a  count  if  a 
part  is  out  of  position.  An  integrator  is  used  to  determine  the  sine 
error  and  the  number  of  counts  can  be  set  to  reject  at  a  level  well  above 
noise.  The  time  an  error  signal  occurs  is  measured  to  produce  informa¬ 
tion  for  location  of  the  specimen  pro  ,c  :ing  the  error.  After  processing 

the  information  and  locating  a  faulty  shell  case,  the  reject  mechanism 
is  actuated  to  remove  the  proper  shell  case  from  the  flow  of  material. 


/  ■  ' 


according  and  Display 

The  output  from  the  television  camera  is  coupled  to  a  video  tape 
recorder#  Doth  the  complete  image  ~nd  the  subtraction  image  can  be 
placed  on  tape*  The  television  image  presented  on  n  monitor  may  also 
bo  switched  to  view  either  picture. 

The  record  period  for  one  frame  of  infornatio.-  is  1/50  second  and 
at  this  rate  oi  inspection  the  minimum  inspection  :ote  of  1200  shell 
cases  per  minute  can  easily  be  ;et.  In  manual  uoiu  of  operation  the 
monitor  views  the  repeating  circle  frame  imuge  stored  on  the  disc. 


Handling  System 

In  order  to  achieve  automated  inspection  usir.j  the  system  as 


described,  it  is  necessary  to  orient  the  shell  cases  ir.  a  manner  that 
assures  a  repeating,  corset  pattern  from  a  correctly  set  shell  case  with 


all  parts  in  plr.'e. 

Philips  Electronic  Instruments  produces  two  handling  systems,  that 
with  a  little  no  lif Lcation  can  be  employed  icr  use  with  the  shell  cases. 
The  M219  and  Hyyl  both  have  a  simple  means  of  obtaining  suitable  orien¬ 


tation,  The  *121'?  has  an  offset  hole  in  one  end  and  the  Vo?  1  has  an 
indent  on  the  outside  which  is  oriented  in  a  repeatable  manner  with 
respect  to  the  groove  in  the  plates.  The  shell  cases  arrive  at  the 
inspection  unit  either  by  conveyor  chair,  or  by  buffer  storage.  The 
shell  cases  are  then  placed  on  inspection  trays  ir.  indexed  locations. 

The  maximum  usable  inspection  field  is  S  inches  by  8  inches.  Each  shell 
case  has  a  particular  orientation  problem.  The  aeons  of  moving  parts  is 
proposed  to  be  by  vacuum,  pic’:  up. 

After  placement  in  the  inspection  trays,  the  loaded  tray  will  paor. 
into  the  shielded  X-ray  enclosure  by  means  of  a  reentrant  opening. 
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The  shell  cases  on  the  inspection  tray  are  transporter  on  a  roll 
conveyor  in  continuous  food*  At  the  point  of  inspection,  the  troy  uust 
stop  for  1/30  second  and  then  novo  on*  An  alternate  storage  track  is 
employed,  usiny  an  added  channel  of  the  memory  disc  for  obtaining  the 
new  inspection  in  formation  trhile  the  earlier  tray  information  is  beir.j 


procc^oout 

When  the  shell  cases  exit  the  X-ray  housing,  the  faulty  shell  cases 
are  removed,  ayain  by  means  of  vacuum  pick  up,  The  remaining  shell  cases 
arc  sent  on  to  the  next  operation* 

A  nasual-autcnr.t  i  r.  switch  is  provided  to  switch  operating  sc  do.  In 
manual  position,  a  stop-reverse- forward  switch  with  variable  speed  is 
provided  to  inspect  without  automatic  control,  '..'bo  reject  mechanism  is 
also  switched  off,  sc  that  manual  removal  of  faulty  shell  cassc  is 
required. 


General  Acquirements 

The  entire  inspection  station  ar.d  local  visual  monitoring  will  fi  t- 
within  a  room  of  else  7  foot  by  0  feet  by  15  foot,  i'lcctrical  power 
required  is  6  IG7  and  :io  water,  air  or  other  utilities  arc  required.  .Ml 
X-ray  protection  codes  applicable  shall  be  act  with  the  equipment. 
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CHAPTER  IV 

G01ICLU3ICU3  AMD  RSCCE-EIOATIGI.'S 

The  X- ray  Television  System  eliminates  :.icst  of  the  disadvantages  of 
conventional  radiographic  inspection  systems.  Disregarding  the  initial, 
relatively  high  investment,  (for  the  automated  X-r-;y  unit  describes  in 
Chapter  III)  the  cost  is  approximately  1100,000  with  transport  •.ochanis-n 
included.  The  ccst  of  performing  radiographic  examinations  is  signifi¬ 
cantly  reduced  because  it  takes  less  time,  fewer  materials,  and  less 
manpower  to  per  ’err  the  examination.  An  additional  advantage  is  that 
inspection  can  bo  performed  on  a  real  time  basic,  thereby  expediting 
decision  mailing  and  reducing  the  paperwork  involved.  A  third  major 
advantage  is  that  the  system  is  dynamic,  that  is,  the  parts  undergoing 
inspection  can  he  observed  while  they  are  in  motion  (in  rotation,  trans¬ 
lation,  or  possibly  vibration.)  Mot  only  does  the  X-rsy  Television 
System  have  economic  advantages,  but  with  the  capability  of  motion  ar.d 
real  time  radiography,  a  broad  new  field  has  also  beer,  opened  to  the 
quality  and  reliability  engineer.  '.Then  using  conventional  radiographs  j 
techniques,  a  separate  film  is  made  for  each  position  of  a  specimen  a."  ■: 
recorl  is  needed.  With  the  X-ray  Television  System,  the  part  can  be 
viewed  in  a  sequence  of  positions  and  the  best  position  for  photographing 
selected  if  a  record  is  required.  If  no  record  of  inspection  is  require.-, 
the  system  can  be  used  on  a  go-no-go  basis. 
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The  Appendix  of  this  report  chows  3crce  of  the  tofectc  that  can 


result  in  the  manufacturing  of  shell  cases.  The  defective  shell  case 


pictures  are  from  XIL-STD-C3S,  arsd  are  at  present  the  guide  line  for 


the  visual  inspection  method. 


In  coa:parisicn  to  the  laser  System  which  has  ’seen  in  the  research 


stage  for  several  years  nor;  the  Automated  X-ray  Unit  has  many  advantages. 


With  the  Laser  System,  the  positioning  and  cleanliness  of  the  shell  case? 


is  nucl;  more  critical.  The  biggest  disadvantage  of  the  laser  System  is 


that  it  is  only  capable  of  detecting  surface  defects  but  if  a  defect 


such  as  a  draw  scratch  is  cn  the  inside  of  the  shell  case,  the  Laser 


System  trill  never  see  it. 


With  the  rcccr.t  advances  in  X-ray  technology  the  automated 'X-r.-vj 


television  syste;..  appears  to  have  real  promise  in  the  high  speed  inspec¬ 


tion  of  shell  cases  fer  the  ’'SCAMP*'  prefect.  The  X-ray  syste:.:  -d*,cs  not 


have  the  disadvantages  of  other  systems  of  inspects jr.  and  can  gain  mor'- 


inferuatior.  about  the  condition  of  the  shell  cases  v;ith  the-  ability  o: 


being  : lanual  or  automatic. 


With  the  information  gained  by  this  project  as  to  what  equipment  is 


commercially  available  and  what  companies  have  the  '-.nowiedge  to  produc- 


such  a  system  is  is  recommended  that  more  serious  c  r.sidoratlcu  ho  giro  . 


to  the  Automated  X-ray  Television  System.  It  is  also  recommended  now 


with  a  better  knowledge  cf  the  available  equipment  that  as  a  further 


project  for  one  of  the  students  at  the  Intern  Training  Center,  a  proto 


typo  be  built  and  tested  with  samples  of  shell  case.:  to  see  how  reliable 


the  system  can  bo  under  operating  conditions. 


Vote  -  J&,  B.  :cjrPL 
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